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Abstract 
In the existing experimental studies of cable subjected to fire home and abroad, there is a problem that the failure criterion is not uniform. 
In this paper, the criteria used in the past has been summarized and classified, a new criterion based on the cable working condition is 
presented which takes the effect of fire consequences in account. The failure time calculated by using this criterion could not only reflect 
the maximum working ability of the cable, but also reduce the error caused by the sample randomness. Through the experimental study, 
we find that the result is more accurate and closer to the practical application. 
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Nomenclature 
RC the critical value of the cable insulation resistance 
U0  the normal working voltage (m) 
IL   the limit of the leakage current 
1. Introduction 
Cable is the transmission of energy and information. In modern industrial production and daily life, the importance of 
cable is beyond doubt. When the fire occurs, the cable is not only the object damaged by the fire, but also may be a 
dangerous source of the fire. Many researchers have studied the fire safety of the cable, and the research on the failure of the 
cable in fire has been a hot spot. 
A large number of related tests have been carried out, however, the failure criteria of those tests are not the same and the 
application in different fire scenario are not the same, either. Through the experimental research, this paper puts forward a 
new criterion of cable failure based on the working condition, which is applied to the fire probabilistic safety analysis (short 
for fire PSA).  
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2. Existing cable failure criteria 
2.1. The classification of the cable failure criteria  
A large number of experiments on cable failure have been carried out, but there is not a uniform criterion of the cable 
failure used in these experiments, even there is not a uniform definition of failure. By summarizing the results of previous 
studies, the existing cable failure criteria can be classified into the following two classes.  
Bulleted lists may be included and should look like this: 
x Class I. The cable lost the ability of working. Such criteria usually focus on the decline in the performance of cable 
insulation. When the fire occurs, the cable’s temperature rises, the insulation layer is damaged and gradually loses the 
insulation performance, then the leakage current increases, the cable short internally or to ground. Therefore, the cable 
lost the ability of working and can’t normally transmit the energy or electrical signal. Using these criteria, we can 
evaluate the influence of fire on the cable and the reliability of the cable. 
x Class II. The cable lost the ability of fire resistance. Such criteria usually focus on the cable’s burning. After the fire 
occurs, the cable is heated and starts burning then produces a large amount of smoke, heat and toxic combustion products. 
Therefore, the fire spread through the cable. Using these criteria, we can evaluate the impact range and the overall hazard 
of the fire. These criteria are widely used in the study of the damage of cable fire. 
The above two classes of criteria have their own advantages and disadvantages in the study of different stages and 
hazards of fire. The first class of criteria is used when the cable is the object damaged by the fire. The main disaster 
consequence of fire to evaluate is the safety of the cable. The second class of criteria is used when the cable is burning and 
becoming a dangerous source. The disaster consequence of fire to evaluate is the damage to the whole place. It can be 
known that different classes of criteria have their own limitations. Only using the right class of criteria can we get the right 
result. 
2.2. The criteria used in fire PSA 
The experiment on the cable failure in fire is carried out as a part of the study on the nuclear plant fire PSA. According to 
the experiment results, the first class of criteria should be used in such scenes. The reasons are as follows: (1) the decline of 
insulation performance marks the cable can’t normally transmit energy and information, (2) the cable failure is supposed to 
be a high level event in the event tree analysis [1], the failure would increase the probability of an accident. The fire PSA 
concerns the safety performance and the loss of the system under fire condition. The loss of work capacity of the cable 
would make the event upgrade and result in greater damage. 
For the first class of criteria focus on the decline of the cable insulation performance, there are many methods in 
application. Previous methods include: (1) cable insulation resistance decreased one order of magnitude, (2) insulation 
resistance decreased two orders of magnitude, (3) cable insulation resistance is lower than a critical value [2-3], (4) cable 
insulation resistance decreases suddenly [4]. In this paper, the author makes an example of the application of the above 
methods.  
 
Fig. 1. The test results for ZR-VV 4*2.5 cable under the heat radiation flux of 7 kW/m2 
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Figure 1 shows the insulation resistance changes of ZR-VV 4*2.5 cable which is under the heat radiation flux of 7 
kW/m2. The result is tested by using the thermal radiation furnace for plastic cables and the insulation resistance meter. 
Curve 1 shows the common logarithmic values of the cable insulation resistance, curve 2 shows the external temperature of 
the cable, and curve 3 shows the internal temperature of the cable. 
The figure shows that the external temperature of the cable gradually increases to 330 degrees Celsius with the time 
increase, the internal temperature increases with the increasing of the external temperature. There is a delay about 50 
degrees Celsius. Along with the increasing of the temperature, the logarithmic values of the cable insulation resistance 
decreases in a very slow rate, and then the insulation resistance falls sharply after the internal temperature rises to a certain 
degree (which is about 140 degrees Celsius in this case), the rate subsequently slows down and the insulation resistance 
maintains at a lower range (which is about 100 kΩ in this case). When the internal temperature continues increasing to 
another certain value (which is about 290 degrees Celsius in this case), the insulation is completely broken down and the 
short occurs. 
Using the figure1 as an example, the above method is discussed below. 
The cable failure time is showed in figure 2 by using the above methods. 
 (a)     (b)  
(c)     (d)  
Fig. 2. The results of cable failure time by using the above methods 
Figure 2(a) shows that the failure time is 7.8 min by using the method that cable insulation resistance decreased one order 
of magnitude. Figure 2(b) shows that the failure time is 8.6 min by using the method that cable insulation resistance 
decreased two orders of magnitude. Figure 2(c) shows that the failure time is 13.2 min by using the method that cable 
insulation resistance is lower than a critical value which is 100 kΩ in this case. Figure 2(d) shows that the failure time is 7.2 
min by using the method that cable insulation resistance decreased suddenly. 
We can see that, the failure time 2(d) is the shortest which is judged by using the method that the insulation resistance 
decreased suddenly, and the failure time 2(c) is the longest which is judged by using the method that the insulation 
resistance is lower than a critical value. 
However, all the methods above are inadequate in the fire PSA. For the method 2(a) and 2(b), the insulation resistance 
drop one or two orders of magnitude cannot accurately reflect the actual working state of the cable, and cannot determine 
whether the cable can maintain the power supply or not. For the method 2(c), the resistance of cable insulation is affected by 
the random sample, especially in the second half of the test process, the insulation resistance of the different samples is 
different from that of the sample. Through our experimental study, for the 100 kΩ, the failure time vary between 430s and 
515s, whose range is too wide and cannot meet the demand for probabilistic safety analysis. And also the cable insulation 
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resistance is affected by working voltage, using the same critical value cannot accurately judge the failure of the cables with 
different working voltage. For the method 2(d), cable still keep the power supply ability when the insulation resistance 
drops suddenly. The cable has not yet reached the failure state at that time, so the failure time judged by using method 2(d) 
is too conservative. 
3. The cable failure criterion based on working condition 
In order to get the better result for fire PSA, the author proposes a new failure criterion based on the cable working 
condition. The criterion is described as follows. The common logarithmic values of insulation resistance are plotted as a 
curve, and the maximum slope tangent of the curve is obtained. The critical value of insulation resistance is plotted as a line. 
The intersection point between the tangent line and the critical value line is the failure point. The horizontal coordinate of 
the failure point is the failure time. 
Specific method is shown in figure 3. 
 
Fig. 3. The result of failure time calculated by the criterion based on working condition 
In figure 3, the dotted line 1 is the maximum slope tangent of the curve of the common logarithmic values of insulation 
resistance, the dotted line 2 is the critical value of insulation resistance. The failure time is the horizontal coordinate of the 
intersection point. In this case, the failure time is 10.8 min. It should be noted that this paper has not given the calculation 
process, the failure time should be calculated according to the data, and cannot read on the figure. 
In this criterion, the maximum slope tangent line (dotted line 1) represents the maximum decline rate of cable insulation 
resistance decreasing, and the critical value of insulation resistance (dotted line 2) represents the critical state that the cable 
lost the power supply ability. The failure time judged by this criterion is the time that cable insulation resistance reached the 
critical value of failure at the maximum decline rate. 
Why choose the maximum slope tangent line? Through the experimental study, we found that the real-time decline rate 
and the decrease of the insulation resistance of the same kind of cable are affected by the random of the sample, but the 
maximum decline rate is basically unchanged, which can reflect the characteristics of the kind of cable. Therefore, choosing 
the maximum slope tangent could reduce the interference of the sample randomness. 
How to determine the critical value? In the application of this criterion to judge the failure, it is necessary to determine 
the critical value of the insulation resistance (as showed as the dotted line 2 above). The determination of the critical value is 
based on the cable working condition, that is, the current and the voltage at the time of the normal working cable. The 
calculation formula is showed below.  
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(1) 
In the formula (1), CR is the critical value of the insulation resistance; 0U  is the working voltage;
 
LI  is the limit of the 
leakage current.  
For the case above, the 0U  value is 1000 V, the  LI  value is 10 mA as a safe current value, and the result is: 
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(2) 
From the above, we can see that the critical value is considered as the failure result. The early result of the cable 
insulation failure is to produce leakage current. The leakage current could cause electric shock to people, electrical 
equipment damaged or other hazards. Therefore, the key of the choice of the critical value is to introduce the result of the 
failure to the criterion.  
In summary, the new cable insulation failure criterion based on the cable working condition takes the effect of fire 
consequences in account. The failure time judged by this criterion could not only reflect the maximum working ability of 
the cable, but also reduce the error caused by the sample randomness. 
4. Conclusion 
In this paper, we analyses the advantages and disadvantages of the existing criteria of cable failure, and considers that the 
different failure criteria have their limitations. So, we should consider the requirement of the fire scene when selecting 
failure criteria. In the case of fire probabilistic safety analysis, the failure time calculated by using the failure criterion based 
on the cable working condition can meet the supply reliability requirement, and the result is more accurate than those 
calculated by other methods. The new criterion could be used in fire PSA. 
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